JOL. XXVI. 


Newell's Patented Compound Tube Mills have the following exclusive features :— 


1 
2 


Pusuisnep By CONCRETE PusuicaTions Lro. 


Mill End-plates made from heavily-ribbed 
rolled steel discs, thus eliminating com- 
pletely cast steel or cast iron End Covers 
which are liable to crack or break in 
service, 

Cast Steel Trunnions of uniform section 
arranged to bolt to the fabricated Mill 
Ends. 


3 
4 


14, 


Price Is. Annual subscription 6s. 


($1.30 in Canada and U.S.A 


Main Bearings totally enclosed and dust- 
tight and fitted with Newell’s cascade 
system of oil lubrication which practic- 
ally eliminates wear on trunnions and 
bearings. 

Trouble-free operation with continuous 
service, 


DartmMouTH STREET, Lonpon, S.W.| 
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THE STRENGTH OF FURNACE BRICKWORK— 


Maksiccar Fire Cement 

Maksiccar Il 

Nettle Cement 

Stein Sillimanite Cement 

Stein High Alumina Cement 

Stein Chrome Cement 

Stein Chrome-Magnesite 
Cement 

Stein Magnesite Cement 

Bluebell Silica Cement 

Thistle and Stein Fireclays 


Ground Ganister 





and durability of the furnace lining in service is 
greatly controlled by the joints. Well shaped bricks 
of accurate size, use of a Refractory Cement 
correctly chosen for the purpose, combined with 
good bricklaying (which means thin, tight joints) 
get a furnace lining off to a good start. A 
Refractory Cement should be selected just as care- 
fully as the brick with which it is to be used. We 
are always very willing to give our advice on the 


best type of Cement for particular applications. 


JOHN G. STEIN & C° L™ Bonnybridge. Scotland 


TEL: BANKNOCK 255 (3 LINES) 
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The comprehensive range of grinding media supplied by us and our unique 
experience in the cement industry in practically every country of the 
world enable us to give expert advice and to supply a type of 
grinding media that will provide the answer to any grinding problem. 


GLOUCESTER 





ee Coe. ei 
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British ‘Rema’ Trunnion-type 
Ball Mill. 





KILN Be. PLANTS 
FOR ROTARY 
CEMENT & LIME KILNS 


Illustration shows a British ‘Rema’ Trunnion-Type Ball 
Mill, forming part of a complete installation, assembled in the 
works prior to shipment to Australia. The plant will deal 
with various fuels including mixtures of coal and coke. 
Refinements include separate motor-driven pumps for oil- 
pressure lubrication of the trunnion bearings. 





BRITISH REMA 


A) a on Oe a ee 


PROPRIETORS: EDGAR ALLEN & CO, LIMITED 


IMPERIAL STEEL WORKS 
SHEPEIELD-9 
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A SPECIAL FAN WHEEL 








“SIROCCO” PRODUCTS 


88-INs. DIAMETER FOR 
KILN FIRING. 





DAVIDSON & Co., 
SIROCCO ENGINEERING WORKS: 


FOR THE 
CEMENT INDUSTRY 

INCLUDE:s 
Mechanical Draft Fans 
and “‘Davidson’’ Flue Dust 
Collectors; “Sirocco” 
Coal Firing Fans and 
“Davidson” Dust 
Collectors; “Sirocco” 
Fans for Cool Air Supply 
to Kiln Firing Pipes; 
**Sirocco’’ and “ Aeroto”’ 
(trade mark) Fans for 
Ventilation and Dust 


Extraction, etc. 





LIMITED 
BELFAST 


NEWCASTLE, GLASGOW, OUBLIN 

















PaGe v 
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A | T b Alite - Alumina - Refractoriness 
No. |. 69-72% . . CONE 37-38 


B. I. 62-64% . . 36 


SUPER |: sm. : 
REFRACTORIES for 
CEMENT & LIME WORKS 





High Temperature Insulating Bricks 
‘“‘PEER”’ Air-Setting Refractory Cements 
“R” Quality Firebrick for lower temperature work and resistance to abrasion 


E. J. & J. PEARSON LTD. 


STOURBRIDGE, ENGLAND 


















in cement works 


The A.P.C.M. works at Shoreham 
is one of many cement works in this 
country and abroad equipped with 
‘*Visco’’ Dust Collecting Plant. The 
‘* Visco-Beth ’’ automatic dust col- 
lector shown in the accompanying 
photograph is recovering dust 
from band and Redler Conveyors. 


Your enquiries are invited. 


YiIsco 


ENGINEERING CO [TD 


STAFFORD ROAD. CROYDON. 


Telephone : CROydon 4181/4 





Wein 
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CRUSHING 
MACHINERY 
AND 
EQUIPMENT 


HADFIELDS LTD., EAST HECLA WORKS, SHEFFIELD, ENGLAND 
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KILN DRAUGHT 
Sal NG Al SECONDARY AIR 
Fi CLINKER COOLING 
Le - 


DUST REMOVAL 
KILN COAL FIRING 
SACK CLEANING 
CONVEYING 
BOILER DRAUGHT 
VENTILATING, ete. 


WRITE FOR BOOKLET No. 20/31 


“KEITH-BLACKMAN’ 


IU UU 





KEITH ners LTD., MILL MEAD ROAD, oe N.17. 
T.N.: TOTTENHAM 4522. T.A.: “KEITHBLAC, NORPHONE, LONDO 
And at MANCHESTER, BIRMINGHAM, LEEDS, NEWCASTLE-ON-TYNE, GLASGOW, PENARTH n Saale and ee 





CEMENT MILL 


FOR SALE 


Now under construction, one cement mill 7 ft. 3 in. 
by 42 ft. 6in., three compartments, all-welded con- 
struction, complete with girth-gear pinion and reduction 
gear, running at 21 r.p.m., complete with air separator 


and dust filter. For particulars and price, write to: 


ELECTRO-MECHANICAL CONSTRUCTION CO. (PTY.) LTD. 


P.O. BOX 1828, JOHANNESBURG, S. AFRICA. 
Telegraphic Address: ORALABORA, JOHANNESBURG. | 
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CEMENT 


































Regularly 
gears, tyres, and rollers 
for cement plant, David 
Brown-Jackson Ltd. have 
the experience which 
ensures reliability. 


providing 


Exceptional facilities 
also enable them to give 
special attention and 
deliveries in the case of 
breakdown work. 


DAVID BROWN-JACKSON LTD 


A DAVID BROWN COMPANY 
SALFORD WORKS HAMPSON STREET MANCHESTER 
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MEratig 
N 


= amount of air penetrating the bed 
of the FOLAX GRATE COOLER can be Other features are efficient heat re- 


adjusted independently of the amount cuperation, air quenching, effective 
of air required for the burning in the cooling permitting immediate grinding, 
kiln, and the cooler and kiln speeds low head room, low power consump- 
are independent of one another. tion and small maintenance cost. 







The FOLAX GRATE COOLER—the cooler with horizontal grate and positive 
conveying of the clinker—is supplied by : 


EL SMIDTA C0. oo 


105, PICCADILLY, LONDON, W.|1. 


TELEPHONE: GROSVENOR 4100 (17 lines). 
TELEGRAMS: FOLASMIDTH, TELEX, LONDON. 
CABLEGRAMS: FOLASMIDTH, LONDON. 


TT 
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Specification Tests for Heat of Hydration 


* 
of Cement 
BY T. W. PARKER, Ph.D., F.R.I.C., AND R. W. NURSE, M.Sc., F.Inst.P. 


SUMMARY.— The factors affecting the reproducibility of test results on the heat of 
hydration of cement are analysed and experimental data on the variability are 
given. The British Standard and U.S.A. lederal test procedures are compared, 
and it is suggested that either apparatus and procedure may be used in testing 
to the other specification. The requirement for results in triplicate improves the 
‘‘ confidence limits ”’ in the B.S. procedure as compared with the U.S.A. procedure. 


The Heat of Dissolution Method. 


In the British Standard (B.S. 1370: 1947)! for low-heat Portland cement a 
test is described for the measurement of heat of hydration by the differential 
heat of dissolution method. The procedure of this test will be discussed from 
the point of view of the accuracy of the final result. 

The solvent consists of 388 c.c. of 2N nitric acid in which 9-6 c.c. of hydro- 
fluoric acid (40 per cent. by weight of water) has been dissolved. The heat of 
hydration at any age is obtained by subtracting the heat of dissolution of a sample 
of cement hydrated for the given period from the heat of dissolution of the 
unhydrated cement. 

The calorimeter for the determination of heats of dissolution is of simple 
construction. The body is a thermos flask of about 1 pint capacity, closed by a 
thick cork which supports a Beckmann thermometer reading to 0-001 deg. C. by 
interpolation, and a funnel through which the sample is introduced. Stirring is 
effected by means of a glass paddle operated by a constant-speed motor. Fig. I 


* Crown Copyright Reserved. 


(1) 
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shows the calorimeter. All parts which come into contact with the acid solution 
are protected by a wax coating. 

The solution of the sample of cement takes about ten minutes, and it is 
important to reduce to a minimum the heat gained or lost through the walls of 
the calorimeter, the lid, the stirrer, and other parts during this period. For this 
reason a test is included in the specification for the selection of flasks of low 
heat-loss. Allowance must also be made for the heat generated by stirring ; 
various types of stirrer were tested before selecting the ordinary paddle pattern. 





Fig. 1 


For example, the centrifugal-type stirrer specified in U.S.A. Federal Specification 
No. SS-C-1586 was rejected because it generated 0-8 calorie per minute compared 
with 0-2 calorie per minute for the paddle type, while the effect on the rate of 
solution was negligible (Fig. 2). 

In order to avoid the use of electrical calibration, the water equivalent of the 
calorimeter is determined from the known heat of dissolution of zinc oxide. The 
purity of this material is adequately controlled by specifying reagent quality, 
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but the rate of solution and the heat of dissolution also depend on its physical 
state. Fig. 3 shows the rate of solution of zinc oxide after various treatments, 
and Fig. 4 the gain or loss in weight when the ignited oxide is kept at various 
relative humidities. As a result of these tests the Specification requires the zinc 
oxide to be ignited for one hour at goo deg. C. to 950 deg. C., cooled in a desiccator 
over anhydrous calcium chloride, and ground to pass a 60-mesh B.S. sieve. For 
each determination 7 gr. of this oxide are re-heated to goo deg. C. to 950 deg. C. 
for five minutes and then cooled for from 24 to 5 hours in the desiccator. Before 
this procedure was adopted the probable error of a single determination of the 
water equivalent was 1-25 cal. (in approximately 405 cal.) ; afterwards it fell 
to 0°32 cal. 

Some slight increase in accuracy might have been obtained by weighing the 
contents of the calorimeter instead of measuring by volume ; the final overall 


~ 
~ 


—_—_—— oo 
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5 ee See Centrifugal Stirrer (0-8 cals/min) 
Et —— Paddle Stirrer (0-2 cals/min) 
ee 


2 4 o 8 10 10 
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Fig. 2..-Effect of Type of Stirrer on Rate of Solution of ZnO and Cement. 


errors reported later show, however, that sufficient accuracy is achieved without 
this complication. The procedures for the determination of the heats of dissolution 
of unhydrated and hydrated cement are fully described in the specification. 


Preparation and Treatment of Samples. 


It was found unnecessary to specify mechanical mixing of the cement paste 
for the hydrated sample, nor did the experience of the mixer have any effect on 
the variability of samples. A typical series gave the following results for six 
determinations of the heat of dissolution in calories per gramme at seven days : 
experienced operator, mean 526-3—standard deviation 1-6; inexperienced 
operator, mean 527-:7—standard deviation 1-6. A short series of tests was 
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carried out in which the temperature of the mixing water and cement was varied. 
The results do not justify calculation of standard deviations, but Table 1 shows 
that the mixing temperature need not be closely specified. 


TABLE 1.—HEAT OF DISSOLUTION AT 7 DAYS; PORTLAND CEMENT 








Temperature of mixing Heat of dissolution (calories per gramme) 
32 deg. Fahr. 529°8 ; 528:9; 528-4 
04 ” 529°5 + 5312; 530°9 
67 ae 530°0 ; 530°3; 530°! 


The effect of storage conditions was investigated for one low-heat Portland 
and one Portland cement ; two operators took part, each making three independent 
tests on each cement and for each storage condition. The storage conditions 








Temperature Rise °C 
Ww 








6 Hours, < I8BS. Sieve 
1 Hour, < 18B5S. Sieve 

i—————x—_——« Hours, < 100 BS. Sieve 
1 


— eee wee we oe ee 


Hour, < 100 BS. Sieve 
Hour, < 60 BS Sieve 


0 2 4 6 8 10 
Time in minutes 


Fig. 3.—-Effect of Heat Treatment at 900-950 deg. C. and Fineness 
on Rate of Solution of Zinc Oxide. 


tested were: (1) 70 deg. Fahr. for seven days; (2) 64 deg. Fahr. for one day, 
70 deg. Fahr. for six days; (3) The vial containing the cement was rotated at 
go revolutions per minute for one day at 64 deg. Fahr., followed by 70 deg. Fahr. 
for six days ; (4) As (1) but for 28 days; (5) As (2) but 70 deg. I'ahr. for 27 days ; 
(6) As (3) but 70 deg. Fahr. for 27 days. The results are given in Table 2. Since 
the cement in a mass of concrete is subjected during its early hydration period 
to a rise in temperature, rapid at first and gradually declining, a mixed storage 
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condition such as (2) has frequently been suggested. Since the results obtained 
under conditions (1), (2), and (3) or (4), (5), and (6) were not significantly different 
it is preferable to choose the simplest conditions, namely (1) and (4). 


TABLE 2.-—-MEAN VALUES AND STANDARD DEVIATIONS FOR VARIOUS 
STORAGE CONDITIONS 


Storage 
Conditions Heat of Dissolution 
Mean value. Mean value. Overall standard 
Low-heat cement Normal Portland cement deviation 
(cal. per gramme) (cal. per gramme) (percentage of mean) 
(1) 542°5 530° wz 
541°5 5310 34 
(3) 542°3 5319 25 
(4) 525°4 513°9 O20 
(5) 520°4 514°6 | oli 
(©) 527°2 514°6 O31 
“16 






over anhydrous CaCl 


7, loss or Gain in weight 
R 


02 GAIN 


"04 


. 2 Se ee 
Hours after ignition 


Fig. 4.—-Change in Weight of ZnO ignited at 
900 deg. C. (zero-line represents weight before 
ignition). 


Reproducibility of Results. 


Standard deviations were calculated for the results of two observers using the 
specified procedure, each standard deviation being based on six results from each 
observer. The values are given in Table 3. For comparison, results obtained 
using the U.S.A. Federal Specification? method are quoted?. 
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TABLE 3.—STANDARD DEVIATIONS 


Type of Test 











Standard Deviation (cal. per gr.) 


B.S. No. 1370 | U.S.A. SS-C-1586 
procedure procedure’ 
Water equivalent 0-32 Ivl . 
Heats of dissolution : 
(a) Unhydrated cement os 0-60 15 
(b) 7 days’ hydrated cement 1-40 2°7 
(c) 28 days’ hydrated cement I-20 1°4 


Three determinations each are specified in the British Standard for the heats 
of dissolution of unhydrated cement, and for cement hydrated at seven and 
28 days. The standard deviation of the means of these three and the calculated 
standard deviations of the final heats of hydration are given in Table 4. 


TABLE 4 


Heats of Dissolution (cals. per gr.). 


Heats of Hydration (cals. per gr.). 
Standard deviation of means 


Standard deviation of differences 


7 days’ hydrated .. 0:80 


Unhydrated oy 0°35 | o-9. Heat of hydration at 7 days 
28 days’ hydrated 0-70 o-8. Heat of hydration at 28 days 


Comparisons of B.S. and U.S.A. Federal Procedures. 


The results given in Table 3 indicate a slightly better reproducibility when the 
B.S. procedure is used. When the chance of wrong classification is calculated for 
single determinations, however, there is nothing to choose between the two 
methods. Fig. 5 shows this calculation for the 65 cal./gr. classification of B.S. 
No. 1397 at seven days. A discontinuity is introduced into the curve for the 
B.S. procedure because of the requirement that results be to the nearest calorie, 
otherwise there would be an equal chance of right or wrong classification at 
65 cal. per gr. Ifa 5 per cent. chance of wrong classification is considered to be 
reasonable, then by the B.S. procedure this occurs at 60 and 71 cal. per gramme 
and by the U.S.A. procedure at 60 and 70 cal. per gramme. 

A significant increase in reliability is obtained, however, by the requirement 
for triplicate determinations in the B.S. procedure. A probability curve for 
triplicate determinations is given in Fig.6. Comparing the values for a 5 per cent. 
probability of wrong classification on the basis of single determinations by the 
U.S.A. procedure and triplicate determinations by the B.S. procedure, the 
following values of the heat of hydration (in calories per gramme) are obtained : 
U.S.A., 60 and 70; B.S., 63 and 68. Apart from the question of reproducibility, 


the B.S. and U.S.A. Federal procedures are so similar that it may be assumed 
with reasonable confidence that results obtained by either are acceptable under 
the terms of the other specification. 
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Methods of Determining the Rate of Settling 
of Hydrated Lime Slurries. 


In the September, 1952, number of the Bulletin of the American Society for 
Testing Materials, from which the following is abstracted, Mr. R. K. Thomas 
compares two methods of determining the settling rate of hydrated lime slurries. 
The differences between the methods are essentially in the manner in which the 
original slurry is made up. The first, or “ Proposed A.S.T.M. Method ”’ 
mixing in a large volume of water in the tube actually used for comparison ; 


’ 


requires 


the second, or “ Modified Method,” requires that the sample be first made into a 
thick putty, using a small amount of water, and allowed to stand in putty form 
before being diluted to the proper volume for the test. This second method was 
proposed as it was thought to give a more intimate mixture of the lime with the 
water than would be possible using only a shaking procedure. 


Proposed A.S.T.M. Method. 

Place 10 g. of lime hydrate in a roo-ml. graduated flask (internal diameter 
about 2-4 cm.), wet with about 50 ml. of distilled water at 70 deg. F., and shake 
vigorously to complete suspension. Allow to stand at 70 deg. F. for two hours 
and then make up to the roo-ml. mark with distilled water at 70 deg. F. Shake 
the flask and contents vigorously and then allow to stand undisturbed for 24 
hours. Record the sedimentation height of the final volume in millilitres after 
standing for 3, I, 2, 4, and 24 hours. 
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Fig. 1.—Average Settling Rates of Sample No. 1. 
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Modified Method. 

Weigh accurately ro g. of the dry hydrated lime into a dry 150-ml. beaker 
and mix with sufficient distilled water (70 deg. F.) to make a thin putty (15 to 
20 ml.). The lime and water should be stirred thoroughly with a rubber-tipped 
glass stirring-rod during the mixing process. Allow the putty to stand covered 
for half an hour at a temperature of 70 deg. I. Wash the contents of the beaker 
into a dry roo-ml. graduated cylinder with a glass stopper and scrub the beaker 
thoroughly to remove all lime adhering to the sides. Dilute to the too-ml. mark, 
shake vigorously for one to two minutes and allow to stand undisturbed at a 
temperature of 70 deg. F. Record the level of the sediment at 15-minute intervals 
for one hour and then at the 2-, 4—, and 24-hour periods. 

The programme was limited to a consideration of settling rates of hydrated 
limes, and samples were selected to give a range of settling characteristics. 
Samples Nos. 1 and 2 are dolomitic hydrated limes, both of which are fast-settling. 
Sample No. 3 is a high-calcium hydrate having a slow rate of settling. Tests 
were made in eight laboratories, and the averages of the results for sample No. 1 
are shown in Fig. 1. The results obtained using the proposed A.S.T.M. method 








mi, 





Supernatant 











oO 30 60 90 120 150 180 210 240 24hr. 
Minutes 


Fig. 2.—Average Settling Rates of Sample No. 2. 


are variable, particularly up to 45 minutes, but after one hour all are fairly 
consistent. Results oktained by the Modified Method likewise show considerable 
variation although the results obtained after one hour of settling are again 
consistent. 

The average of the results obtained using sample No. 2 are shown in Fig. 2, 
and for the proposed A.S.T.M. method results obtained in the several laboratories 
vary in the same way as those for sample No. 1. The Modified Method indicates 
consistent results in al] but two cases, and again the divergence which can be 
noted at: the earlier ages becomes smaller after the sample has been allowed to 
stand for one hour. 

The average of the results obtained on sample No. 3 are shown in Fig. 3. 
Those obtained by the proposed A.S.T.M. method are consistent, with one 
exception. The results of the Modified Method by seven laboratories reporting 
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on this method show four good checks at one time and three good checks at another 
time, the two sets being rather out of line with each other. 

The average values of the three samples indicate the same rate of settling, 
regardless of the method of testing adopted. The marked difference is that the 
results by the Modified Method show a slightly faster rate of settling. The 
similarity of the rates is shown by the curves. An interesting fact also shown bv 
the curves is the better check of average results with a slower-settling lime. 

Comparison of the values at the different time intervals shows a comparatively 
wide diversity of results obtained in the several laboratories regardless of the 
method used. Neither method shows any marked superiority from the stand- 
point of reproducibility of results in a large number of laboratories working on 
similar samples. 

On the basis of the extreme range experienced at each time interval, the 
proposed A.S.T.M. method appears to give closer co-ordination. The greatest 
differences in results are at 15 and 45 minutes. These variations can be partly 
discounted since more laboratories reported results at these time intervals using 
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Fig. 3. Average Settling Rates of Sample No. 3. 


the Modified Method than was the case using the proposed A.S.T.M. method. 
With the proposed A.S.T.M. method results were reported by only three labora- 
tories on samples Nos. I and 2 and by only two laboratories on sample No. 3, 
whereas the results by the Modified Method were reported by seven laboratories 
for samples Nos. I and 2 and by six laboratories for sample No. 3. Thus the 
chance of extreme variations was considerably lessened. 

Results by the Modified Method appear to be more consistent at all the time 


intervals. The results of the tests in any one laboratory on any one sample are 
similar throughout the whole of the test in more instances with this method. 
Both methods gave similar results for the rates at and after settling for one hour, 
and final volumes were generally the same, both as regards the same method 
and the two methods. The differences in results between the two methods were 
less for a slow-settling time than for a fast-settling time, taking into consideration 
all the time intervals. 
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The influence of the size of the flask on the results was also studied. Results 
were reported in terms of millimetres of height as well as millilitres of volume. 
All tubes used for the test were standard 1o00-ml. flasks and there was no marked 
difference in the height or distance of fall, and the comparative height of the tube 
used appears to be of little consequence ; this would, of course, be true only where 
such differences in size are slight and would preclude the use of equipment 
having extremely wide variations in size. 

Small variations in the temperature at which the test is made do not appear 
to influence greatly the results reported by different laboratories, but the 
temperature has an effect on the results of tests made in the same laboratory 
under the same general conditions. 


Conclusions. 

The many factors entering into the determination of a rate of settling of 
hydrated lime slurry appear to make very close reproducibility of results in 
different laboratories nearly impossible. The results depend to too great an extent 
on the skill of the person making the test. Either method studied distinguishes 
only between a fast— and slow-settling hydrate. Checks of rates to limits of, say, 
1 to 2 ml., are not possible. 

The Modified Method, although requiring more manipulation on the part of 
the tester, is slightly better and should give results which could be checked within 
reasonable limits in another laboratory. 








New Cement Works in Uganda. 

THE inauguration of a cement industry in Uganda is largely due to the demand 
for cement for the construction of the Owen Falls dam for the Uganda Electricity 
Board. The Board, whose chairman is Mr. C. R. Westlake, M.I.E.E., was entrusted 
by the Government with the responsibility for the establishment of the cement 
works at Tororo, described in the May, 1952, number of this journal. The 
design and supervision of the erection of the buildings and civil engineering works 
were by the Public Works Department under the direction of Mr. S. S. Tindall, 
C.B.E., and Messrs. Kennedy & Donkin (E. A.) designed and supervised the 
electrical installation. The geological investigations were carried out by Dr. K. A. 
Davies, C.M.G., O.B.E., and the Uganda Geological Survey, and investigations 
in connection with the raw materials were by Mr. R. W. Nurse of the Building 
Research Station and Dr. A. J. V. Underwood. Messrs. Stirling-Astaldi (E. A.), 
Ltd., were the main contractors. 








New Cement Works for Pakistan. 
A CEMENT factory costing five million dollars is to be built in Punjab in northern 
Pakistan, as part of Canada’s share of the Colombo plan for developing countries 
in south and south-east Asia. The factory is to be built by a new company formed 
by five Canadian firms. The factory will produce more than 100,000 tons of cement 
« year for an irrigation and reclamation project. 
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Relation Between Specific Surface and Other 
Properties of Cement. 


THE amount of work required to test cement by ordinary methods of determining 
the chemical composition, fineness, setting time, soundness, etc., and the delay in 
obtaining the results because of the time required to elapse before making some of 
the tests, makes any less laborious and more rapid method worthy of consideration. 
In recent numbers of ‘“‘ Revue des Materiaux de Construction,” Dr. M. J. M. 
Jaspers describes a method of determining the quality of cement based on the 
relation between the fineness and the other properties. A summary of the article 
is given in the following. 

The properties are divided into two groups, namely the independent variable 
properties, that is the mineralogical composition and the specific surface, and the 
properties that are functions of the independent variable properties, that is the 
rate of setting and hardening, the volumetric stability, the heat of hydration, 
the workability, and the resistance to chemical attack. If graphs are drawn to 
relate these properties to the two independent variables, only the latter need be 
determined experimentally when testing a cement. 

Although the principle described is simple, the application is complex, but it is 
possible to obtain a practical solution which is applicable to very many cases if 
some simplifications are made. It is first necessary to determine which properties 
are dependent on the specific surface, which on the composition, and which on 
both the specific surface and composition. To simplify the investigation it is first 
assumed that the mineralogical composition is constant, leaving the specific 
surface the only independent variable. 


Determination of Specific Surface. 

The values of the specific surface determined by a turbidimeter and by a 
permeability apparatus differ, the value obtained by the Blaine permeability 
apparatus being greater than that obtained by the Wagner turbidimeter. It is 
thought that the results obtained by the Blaine apparatus are more correct. 
A third method? is that upon which the investigations made by Dr. Jaspers are 
based, and is the application of the granulometric equation 


—bx" 
R = 100e ne ue (x) 


in which R is the percentage retained on a sieve the size of the mesh of which is x ; 
b is a constant and ¢ the base of natural logarithms ; » is the tangent of the angle 
between the granulometric curve and the abscissa ; for cement it is about unity, 
although more accurate values were used in the investigations. The second loga- 
rithm of equation (1) gives 


log (log =} = C + n log x Ee t Ete of (2) 


A graph with co-ordinates log (log “e) and log x can be drawn and from this the 


complete granulometric composition of a cement can be obtained by measuring 
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Vickers 
Mills— 


Closed 
Circuit 
Grinding 





Though a ‘closed circuit’ 





makes it easier to control 
production to a_ specific 
fineness, consistent  ac- 
curacy depends upon the 
plant being reliable. The 
trouble-free running syno- 
nymous with Vickers mills 
demonstrates, in fact, that there is no 


VICKERS-ARMSTRONGS substitute for skill and experience 
LIMITED backed by manufacturing capacity. 


VICKERS HOUSE - BROADWAY LONDON swi 


SHIPBUILDERS - ENGINEERS - AIRCRAFT CONSTRUCTORS 
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CONVEYOR AND 
TRANSMISSION BELTS 





that can carry the load 
..-and keep on carrying it 





HATEVER your needs — Conveyor Belts, 

Transmission Belts, take a look at the Goodyear 
range. Built with the accumulated knowledge of over 
§0 years’ pioneer research and practical engineering, 
Goodyear Industrial Rubber Products are specifically 
designed for the exacting demands of present-day 
industry. They are stronger, more resilient and less 
likely to fail under abrasion, weathering and heavy 
loads. They give longer wear, more dependable ser- 
vice, and keep your operating costs to a minimum. 


1 GOODYEAR CONVEYOR BELTS 


The “‘ Stacker ’? belt illustrated here is designed 
for installations which handle highly abrasive materials. 
Its tough, resilient cover “‘ gives ’’ under impact and 
resists cutting. High grade bonding between the plies 
prevents separation under severe flexing. It is proofed 
against the ruining effects of mildew. 
















2 ENDLESS CORD TRANSMISSION BELTS 


Specifically built for modern high-speed, small- 
pulley machinery, Goodyear Endless Cord Transmis- 
sion Belts incorporate a patent balanced construction of 
load-carrying cords. heir H.P. capacity is 334% 
greater than ordinary belts of equivalent thickness ; 
they are genuinely endless ; and have an unusual 
degree of flexibility which gives a firm grip on small 
pulleys at high speeds. 





3 RAYON CORD V-BELTS 


The Goodyear Rayon Cord V-Belts are ideal for 
all industrial drives, especially drives where shock loads 
occur. Their multiple resilient high-tensile rayon cords 
“give” slightly without snapping, and stand up to 
the sudden jolting that breaks ordinary belts. 


GOODFYEAR 


INDUSTRIAL RUBBER PRODUCTS 








TRANSMISSION BELTING + V-BELTS - CONVEYOR BELTING - INDUSTRIAL HOSE 
The Goodyear Tyre and Rubber Co. (Gt. Britain) Ltd., Wolverhampton 
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the percentage retained on one sieve only. Dr. Jaspers states that tests made by 
him have established the accuracy of the method. The specific surface S, is deter- 
mined from the following equation’. 
36°8 x 104 X 1°75 
5, = 
MaghW 
in which p, is the abscissa of the point of intersection of the straight line, represent- 


sq. cm. per gramme 


ing the granulometric composition on the graph having co-ordinates log (log z) 


and log x, with the ordinate R = 36°8 per cent. ; » is the inclination (tangent) of the 
straight line ; w is the specific gravity of the cement. Tests show that the relation 
between S , and the specific surface S; determined by a turbidimeter is linear, and 
is given by 

Sp = 0-19 S, + 448 
from which, knowing S,, the corresponding value of S,, on which the relations 
in the following are based, can be determined. 


Mechanical Resistance. 

The strength R,,, or mechanical resistance, of set cement depends on the re- 
actions between the water and the mineralogical constituents of the cement. 
The reactions occur on the surface of the solid phase and consequently the quantity 
Q, of cement hydrated is a mathematical function of the specific surface S. Like- 
wise R,, is a function of S. It can be established that Q, is a linear logarithmic 
function of S of the form, log Q@, = aS — 8b, and graphs based on experimental 
results can be drawn to relate Q, to R,,. Consequently a relation between R,, and S 
can be establisned. 

It is, however, possible to obtain this relation directly. From the results of 
tests it is determined that the mechanical resistance, that is the tensile strength 
Ry or compressive strength Rg is a linear function of the specific surface. The 
strength of at least two samples of cement of different finenesses (specific surface) 
are determined and a graph showing the relation of R; or R, to S, is drawn. The 
graph can then be used to determine R; or R¢ for any sample of cement having the 
same mineralogical composition if the specific surface S , of the cement is known. 
Figs. 1 and 2 are typical graphs for R, and R, respectively at various ages and are 
based on the tests made to establish the relationship of R,, to S. The first point 
on each curve is for samples of cement taken from the grinding mill at a cement 
works. The second to fifth points are for the same cement after it has been ground 
in a laboratory mill to various degrees of fineness. 


Setting Times. 

Tests also showed that the times from adding the water to the cement to the 
beginning and end of the setting period are also linear functions of the specific 
surface as is seen in Fig. 3, in which the time in minutes is plotted against the 
specific surface S , (calculated by the method described previously) and against the 
specific surface S,; determined by a turbidimeter. The amount of water in the 
samples upon which Fig. 3 is based was 27:5 per cent. The mineralogical com- 
position of all the samples was the same. 
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Fig. 2.—Tensile Strength as a 
function of Specific Surface. 





Gy = 7. 8 AO ae ae ote 


Fig. 1.—-Compressive Strength as 
a function of Specific Surface. 
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Fig. 3.—Setting Time as a Function Fig. 4.—Heat of Hydration as a 
of Specific Surface. Function of Specific Surface. 
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KILN AVAILABILITY 





The largest single factor 
in non-production time 

is lining repairs. Reports 
prove that basic brick linings 
last three to five times longer 
than acid type bricks, resulting in 
saving in lining repair time with 


corresponding increase in output. 


* Technical assistance and advice on all 
refractories will be gladly supplied on request. 


Address all enquiries to: 


CMC ee a 


A SUBSIDIARY OF THE L 
OUGHTIBRIDGE near SHEFFIELD 
Telephone OUGHTIBRIDGE 40804 Telegrams. SILICA F 
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Heat of Hydration. 

The heat C, generated during setting appears to be a linear function of the 

logarithm of the specific surface, that is 
Cy = alogS + b 

The heat of hydration (calories per gramme) was determined by the method 
described in the Federal Specification of the United States of America, and the 
results of some of the tests on samples of cement having the same mineralogical 
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Fig. 5.—Shrinkage as a Function 
of Specific Surface. 







composition are given in Fig. 4. The samples in this case were of the same cement 
as used in the tests for mechanical resistance, the results of which are given in 
Figs. 1 and 2. 

Other Properties. 

The results of tests given in Fig. 5 show that shrinkage is also a linear function 
of the specific surface. The shrinkage was measured by a Huggenberger apparatus 
on prisms, 40 cm. long and 7 cm. square, of I : 3 mortar. 

The Vicat or Gillmore test to determine the proportion of water necessary to 
produce a paste of normal consistency can be used to measure the workability 
of acement. It has been established® that the proportion of water is a linear func- 
tion of the specific surface. 
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So far the author had not made tests to establish the relation between the 
specific surface and the expansion, liability to segregation, and resistance to 
chemical attack, nor has much work been done on establishing the relation between 
the properties of cement and the two independent variables, namely specific 
surface and mineralogical composition. The fact that the tests described relate to 
cements of constant mineralogical composition does not detract from the value of 
the results because this condition is generally the case in works where the composi- 
tion of the slurry and the quality of the fuel are controlled. 
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Delivery of Loose Cement in Sweden. 
It is stated that in the larger cities of Sweden about half of the cement deliveries 
are made in containers such as that shown in Fig. 1. The lorries carry two or 
three vertical pressure tanks with a total capacity of from 5 to 14 tons, which 
can be increased to 28 tons by the addition of a trailer. From these tanks the 
cement is discharged into silos at a rate of up to one ton per minute. The 
unloading machinery has no moving parts except the compressor. 

The silos on the building site are of several standard sizes, most of them having 
mechanical arrangements for weigh-batching the cement. They also auto- 
matically discharge the cement into a hopper or a concrete mixer. The silos 
can be up to 130 ft. from the lorry. 








Fig. 1. 

MISCELLANEOUS ADVERTISEMENTS. SITUATION WANTED.—Specialist in vertical kilns seeks 
situation. Knowledge of latest improvements in all 
systems. Accurate proportioning without weighing mach- 

SCALE OF CHARGES. ines and without expensive plant. Excellent clinker with- 


‘ s ae out underburning. Increased production and perfect grind- 
Situations Wanted, 3d. a word ; minimum 7s. 6d. ing guaranteed. Experience in oil-fired kilns. 30 years’ 
Situations Vacant, 4d. a word; minimum 10s. »xperi Honemei Riv ria. 

experience, onemeir, a et, Algeria 
Box number Is. extra. The engagement of persons 
answering these advertisements subject to the noti- 
fication of Vacancies Order, 1952. Other miscell- FOR SALE.—New cast iron flanged piping. 160 lengths 
aneous ertisements, 4d. a word; 10s. minimum. 5 in. diameter 5/9 ft., 130 lengths ro in. diameter 6/12 ft., 
Advertisements must reach this office by 800 lengths 12 in. diameter 9/12 ft. Also shorter lengths, 
the Sth of the month of publication. bends, tees, and other fittings. Maden & McKee, Ltd., 
317, Prescot Road, Liverpool, 13. 
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ADAMANTINE 


Blue Adamantine blocks and bricks 
are hard-burnt, tough, and offer great 
resistance to abrasive action. They 
make excellent close-jointed, firm- 
faced brickwork which will withstand 
enormous pressure, and are suitable 
for use in the top and bottom zones. 


HYSILYN 


Hysilyn lime-resisting refractories, 
for use in the calcining zone, possess 
great mechanical strength in addition 
to the ability to withstand severe 
temperatures and alkaline attack. 
This quality is supplied with a 
content of alumina varied to meet 
the requirements of specific working 
conditions. 
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N the National 

kilns must be 
service for as many hours as 
possible. Time lost in repairs 
must be minimised. The reputation 
achieved by Davison Refractories 
in all parts of the world for over 
one hundred years guarantees their 
thorough dependability. 


interest 
kept in 


These Refractories are supplied in 
shapes to suit any type of construc- 
tion including the Davison tongued 
and grooved system which adds 
considerably to the strength of 
any lining. 


DAVISON 








REFRACTORIES 


CHARLES 
REFRACTORIES LTD., 





MADE At 
GENERAL 


THE DAVISON 


GENEFAX HOUSE, 


BRANCH OF 








SHEFFIELD, 10 
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This 
ism “t 
ditticult 


But to separate mechanically 
the fine particles of a 
material from the coarse is, 
especially when you want the 
separator to be free from 
vibration, virtually dustless 
in use, low in power con- 
sumption and upkeep cost, 
and without sieves. How- 
ever, there is a machine that 
will do it. 





Some of the materials treated in EDGAR ALLEN 
STAG 
AIR SEPARATORS 


GROUND BASIC SLAG GROUND CEMENT GROUND COTTON-SEED 
- a ne is 
" ‘ CHARCOAL " GYPSUM 
i BURNT LIME CHEMICAL is HYDRATED LIME 
PS CALCINED PS = MYRABOLAMS 
CRYSTALS 
BONES CHROM a PHOSPHATE 
‘i CALCINED ” OME-ORE ROCKS 
LINTS a CLAY AND i RAW 
sc CATTLE-CAKE MARL LIMESTONE 
MEAL ss COKE DUST 3 RAW SHALES 
GROUND ALUMINOUS EARTH, FULLER’S {Fe Cee eee eee eee eee eee eee eee reese eres eeeerer 


To EDGAR ALLEN & Cc., Ltd., SHEFFIELD 9 


Please post booklet ‘Choosing a Cement 


EARTH, GRAPHITE, SODA-ASH, SOAP 
POWDER, GOLD QUARTZ, TERRA 





COTTA WASTE, ETC. Plant’ to: — 
Machine worked for twenty years Mare : 
A customer wrote: ** This machine has Firm I 

4 See . 

now been working for twenty years - 
: ° : . a. 99 Address ..... 4 
and this will be its first overhaul. 3 
My 


Write for catalogue, using coupon 


LPR REM 
IMPERIAL STEEL WORKS:— SHEFFIELD.9 i 
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